While hospitalizations among people living with human immunodeficiency virus (PLWH) have been elevated in the past compared to their uninfected counterparts, the introduction of antiretroviral therapy (ART) has resulted in great strides in controlling symptomatic infection. However, research largely overlooks important differences among HIV-infected individuals, primarily PLWH who are symptomatic versus those who are asymptomatic. We conducted a retrospective study assessing the length of hospital stay among 717,237 admissions from three hospitals in the New York City area. Using zero-truncated negative binomial regression we documented trends in length of hospital stay among individuals who are HIV positive (with symptoms versus those without symptoms) compared to HIV-negative patients over nine consecutive years, from 2006 to 2014. Approximately 0.85% of the admissions were infected with asymptomatic HIV (n = 6,131), while 1.43% of admissions were infected with symptomatic HIV (n = 10,271). The length of stay (LOS) among symptomatic HIV-infected admissions was 32.0% (95% CI: 29.7%-34.2%) longer than LOS in the general admissions. The mean LOS dropped about 1.5% (95% CI: 1.5%-1.6%) per year in the study sample. The LOS in inpatients with asymptomatic HIV had the same LOS as the general inpatient population. Our findings highlight the need for comprehensive strategies to reduce length of hospitalization among HIV-infected individuals.
Introduction
Although the introduction of antiretroviral therapy (ART) has substantially reduced hospitalization among people living with human immunodeficiency virus ([HIV] PLWH) (Berry, Fleishman, Moore, & Gebo, 2012; Buchacz et al., 2008; Crum-Cianflone et al., 2010; Heslin & Elixhauser, 2016; Paul et al., 2002) , hospitalizations among this group have still been reported to be elevated compared to individuals hospitalized with conditions other than HIV (Bachhuber & Southern, 2014; Shih, Chen, Rothman, & Hsieh, 2011) . In fact, HIVinfected individuals have been twice as likely to experience hospitalization, and experience higher in-hospital mortality rates than the general inpatient population (Krentz, Dean, & Gill, 2006) . Although over the past several decades, this rate has decreased substantially, partly due to the introduction of ART and the reduction of acquired immune deficiency syndrome (AIDS) (Feller, Akiyama, Gordon, & Agins, 2016; Krentz et al., 2006; Puthanakit et al., 2007; Sutton, Magagnoli, & Hardin, 2016) , hospitalization rates among PLWH remain high (Berry et al., 2012) , which may be extremely costly and burdensome for hospitals and insurance companies. Recent research has also indicated that hospitalization rates among PLWH have been underestimated (Bachhuber & Southern, 2014) , which can erroneously mask the magnitude of suffering among this population.
While research suggests that hospitalizations among PLWH are largely manageable (Betz et al., 2005) , longer duration of hospital stays are more common among this population compared to their uninfected counterparts (Akgun et al., 2013; Pearce et al., 2012) . Prolonged hospital stays are also commonly associated with hospitalacquired infections among those already affected by infectious diseases (Dulworth & Pyenson, 2004; Mohammed, Furuya, & Larson, 2014) . Longer stays in the hospital place a substantial burden on hospital and health insurance systems (Shih et al., 2011) , typically requiring more resources for treatment (Needham et al., 2003; Papi, Pontecorvi, & Setola, 2016) .
Although they are crucial to determining the extent to which PLWH are experiencing improvements in clinical outcomes, these trends in length of hospitalization largely overlook differences among HIV-infected individuals, primarily PLWH who are symptomatic versus those who are asymptomatic. Very few studies have compared trends in length of hospital stay among these populations. PLWH who are asymptomatic tend to be individuals who are HIV-positive with no previous diagnosis of opportunistic infections in accordance with the Centers for Disease Control and Prevention (CDC) Classification System (Centers for Disease Control and Prevention, 2008) . Asymptomatic HIV-positive individuals tend to report a higher quality of life (Nieuwkerk et al., 2000) , and are less likely to experience adverse medical outcomes (Revicki, Wu, & Murray, 1995) . Given the importance of distinguishing between individuals more severely impacted by HIV (De Cock & El-Sadr, 2013) , the purpose of this study was to document trends in length of hospital stay among individuals who are HIV positive (with symptoms versus those without) compared to patients who are not infected with HIV among hospitals over nine consecutive years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) in an area with a high prevalence of HIV infection and the most heavily populated city in the U.S., New York City, NY.
Methods
The data from this study were collected retrospectively from three hospitals within the New York Presbyterian Hospital (NYP) system in New York, New York over a period of nine years, from 2006 to 2014. The NYP system is one of the largest in the area and in the U.S., currently servicing an average of more than two million patients annually. Administrative data on all inpatient characteristics and clinical outcomes were extracted from an electronic clinical data warehouse and other digital sources containing patient information, including International Classification of Diseases and Related Health Problems, 9th revisions (ICD-9) codes. More information regarding the process of data extraction has been previously described elsewhere (Apte et al., 2011) . The study was approved and monitored by the Columbia University Medical Center and the Weill Cornell institutional review boards.
Measures
Data on patient characteristics included age, race and ethnicity, gender, and type of insurance plan. Data on clinical outcomes included HIV status with three categories (negative, asymptomatic or symptomatic HIV), whether the patient was in the intensive care unit (ICU) during their hospital stay, Charlson Comorbidity Index (CCI) (Charlson, Pompei, Ales, & Mackenzie, 1987) , hospital of admission, and length of hospital stay (in days). The primary outcome for this study was length of hospital stay (LOS). An HIV diagnosis with symptoms was assigned using ICD-9 code 42; HIV with no symptoms was assigned using ICD-9 code V08.
Data analysis
All data analyses were performed using R software (R core team, 2013) and SAS 9.3 (SAS institute, 2010). Descriptive statistics, including frequency distributions, means and standard deviations by HIV status were used to characterize the sample. We used zero-truncated negative binomial regression to estimate length of hospital stay among three groups of inpatients (symptomatic HIV-infected, asymptomatic HIV-infected, and HIVnegative) from 2006 through 2014, controlling for their key demographic characteristics and patients' complexity such as CCI score and ICU stay, as well as finance plan as a proxy measure of patients' social economic status. Since positive HIV with symptoms accounts for six points in CCI score, an adjusted CCI score was created by removing HIV points to alleviate endogeneity in the final regression model. Because we are interested in the trend of length of stay over the nine years, calendar year was treated as a continuous predictor. The overall significance level was set at 0.05 for this study.
Results
A total of 717,237 adult hospital admissions were recorded (see Table 1 for sample characteristics). The vast majority of admissions were HIV-negative (97.71%). Approximately 10,271 (1.43%) of these admissions were HIV-positive with symptoms, while 6,131 admissions (0.86%) were HIV-positive without symptoms. The mean age of the admissions was 57.6 years old (SD = 19.72) with a range of 18-114 years; slightly over half (55.37%) were female. Among those who reported their racial background, the largest proportion of participants was White (30.14%). The largest proportion of admissions identified Medicare (44.90%) as their insurance type; 22.87% used Medicaid. The mean adjusted CCI among all admissions was 1.63 (SD = 2.11). Among those infected with HIV with symptoms, the mean adjusted CCI score was 1.83 (SD = 1.95), while mean score among HIV-infected asymptomatic admissions was 1.65 (SD = 1.94). The median length of stay was four days (IQR = 2-8 days) for HIV-negative inpatients, five days (IQR = 3-8 days) for asymptomatic HIV-infected participants, and six days (IQR = 4-11 days) for symptomatic HIV-infected participants.
Over the nine years of our study, about a third of the inpatients were admitted more than once. There were 399,120 individual inpatients in total in this study: 269,866 (67.62%) were admitted once during the nineyear study period, 68,581 (17.18%) were admitted twice, and 60,673 (15.2%) were admitted more than twice. Table 2 presents the zero truncated negative binomial regression results by taking the exponential of the regression coefficients, the Incidence Rate Ratio (IRR), and the corresponding 95% confidence interval. As Table 2 demonstrates, controlling for the patients' age, sex, CCI (adjusted), insurance plan, ICU stay status and hospital of admission, the LOS among symptomatic HIV-infected patients was 32.0% (95% CI: 29.7%-34.2%) longer than LOS in the HIV-negative population. The mean LOS dropped about 1.5% (95% CI: 1.5%-1.6%) per year in the study population. The LOS in asymptomatic HIV-infected Table 1 . Characteristics of admissions, 2006-2014 (N = 717,237) . inpatients had the same LOS as the HIV-negative inpatient (see Figure 1 and Table 2 ).
Discussion
Our findings demonstrated that between 2006 and 2014 the average length of hospitalization decreased among all inpatient populations in our study. However, our results indicated that hospitalization trends vary based on HIV status. Asymptomatic HIV inpatients generally experienced reductions in hospital LOS comparable to those of the HIV-negative inpatient population. Symptomatic HIV-infected patients still have considerably longer average length of hospitalization (Shih et al., 2011) , which may be indicative of their non-adherence to their ART regimen (Fielden et al., 2008) . Our results are comparable to research reporting reductions in length of hospital stay in patient populations generally (Weiss & Elixhauser, 2014) and among HIV-infected individuals specifically (Berry et al., 2012; Heslin & Elixhauser, 2016) . To the best of our knowledge, our results suggesting that asymptomatic HIV patients are generally hospitalized for the same length as the general inpatient population have not been previously documented in the literature. Our findings are subject to numerous limitations. First, our sample was derived from only a few hospitals in the New York City, New York metropolitan area. These findings may not be generalizable to other patient populations in other settings. Second, there may be additional confounders that we overlooked in our analysis, including ART adherence and reason for hospitalization. Our study is comprised of hospital administrative data which did not include clinical information such as viral loads or CD4 counts (Crum-Cianflone et al., 2010) , which would have provided meaningful information on ART adherence. Finally, while we were unable to perform multilevel analyses, we would like to acknowledge that such approaches may be useful in developing a thorough understanding of the association between HIV status and length of hospitalization.
Conclusions
In conclusion, our research demonstrated that longer duration in hospital stays are decreasing among all patients, regardless of HIV serostatus. Our results are intriguing in that they suggest that the LOS among asymptomatic HIV-infected patients is comparable to that among the general inpatient population. Our findings highlight the need for comprehensive strategies to improve ART adherence among HIV-infected individuals in an effort to reduce length of hospitalization. Given the wide ranging clinical benefits of ART, sustained adherence may also result in reductions in hospital costs.
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